Influence of Air Pollutants On Fog Formation in Urban Environment of Nanjing, China  by Chen, Kui et al.
 Procedia Engineering  24 ( 2011 )  654 – 657 
1877-7058 © 2011 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2011.11.2712 
Available online at www.sciencedirect.com
2011 International Conference on Advances in Engineering 
Influence Of Air Pollutants On Fog Formation In Urban 
Environment Of Nanjing, China 
Kui Chen, Yan Yin, Zhenhua Hu*
Open Key Laboratory for Atmospheric Physics and Environment of China Meteorological Administration, Nanjing University of 
Information Science & Technology , Nanjing 210044, China 
Abstract 
The response of real concentrations of atmospheric pollutants measured by automatic monitoring stations, was 
studied in Nanjing City, China. Urban areas are facing increasing fog frequencies that may result due to increased air 
pollution emanating from variety of sources. The increased pollution levels may lead to the atmospheric reactions 
resulting into the formation of secondary pollutants that may also lead to increased pollutants in the atmosphere. The 
result showed that pollutants (SO2, NOx, O3, CO, PM2.5 and PM10 ) of fog is higher all days. These finding would be 
connected fog with pollutant. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Fogs play an important role in many environmental and ecological processes. The occurrence of fog is
one of the most troublesome weather phenomena and present distinct hazards to city transport system in 
many areas. The limited visibility associated with fog is responsible for a loss of time and money in all 
forms of transportation[1]. Fog droplets are formed by condensation of water vapour onto the aerosol 
particles present at an elevated relative humidity in the atmosphere. The urban environment is a complex 
source of various factors that promote or mitigate the formation and intensity of fog. Combustion 
processes add both particulate and moisture to the air. The urban heat island raises the temperature, 
lowers the relative humidity and can distort the wind pattern in an urban area. Additionally, the formation 
of sulfuric acid and the solid aerosol ammonium sulfate in the urban environment contribute to the very 
low visibility sometimes seen in urban fog[2, 3]. An increased frequency of fog in urban areas has often 
been mentioned as a result of air pollutant emissions[4]. 
The aim of this study is to find a relationship between the quality or quantity of pollutants and the fog 
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in the monitoring station.  
2. Sampling site and meteorological data 
With the rapid developing of Chinese economy, the industrialization and urbanization are rapidly 
developed. However, the economic boom has led to a general decline in environmental quality. At present, 
more than threequarters of the urban population breathe the air which is exceeding national air quality 
standards, in China. Nanjing is a typical of most Chinese cities and located in eastern China. There are 
four cities surrounding Nanjing that Zhenjiang, Yangzhou, Chuzhou and Ma'anshan. Shown in Fig. 1. 
About 7 million inhabitants live in an area of 6421 km2. The atmosphere there has been polluted seriously. 
Fig. 1. Location of Nanjing and the surrounding cities 
Fig. 2 shows monthly means of visibility,  air pressure, humidity, temperature as well as wind speed 
for each month at Nanjing monitoring station in 2007. The value of temperature and visibility are lower in 
winter (January,  November and December); However, the value of air pressure and humidity are higher 
at the same period.  The data of wind speed is almost equal in the whole year except June. The annual 
average value of visibility,  air pressure, humidity, temperature and wind speed are 4.1 km, 1015hPa, 80%, 
17.8  and 2.7 m/s, respectively. Thisć  result imply that Nanjing is belonged to temperate areas. 
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Fig 2 Annual distribution of meteorological elements (V is Visibility; P is Sea Level Pressure; RH is Relative Humidity; T is 
Temperature; WS is Wind Speed) 
3. Results and discussion 
3.1 occurrence of fog 
The annual distribution of the occurrence of fog using the quantity of data available in each month is 
shown in Fig. 3. During the months of April-September there are typically between 4 and 7 foggy days 
per month at this site. As expected, there is a significantly higher occurrence of fog during the months of 
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January, February, March, October, November and December. This period is belonged to winter, early 
spring, and late autumn in Nanjing.  
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Fig. 3 Annual distribution of days with one or more hours of fog at Nanjing. 
Air temperature and dew point values were used for fog occurrence estimation at the Nanjing. Here an 
hourly observation period is considered foggy when the air and dew point temperatures are equal. It is 
important to note that fog can persist when the indicated relative humidity is less than 100%, and that non-
foggy conditions can occur and prevail for some time at 100% relative humidity[5-8]. The conditions 
conducive to the formation of fog indicated at Nanjing is believed to be representative of temperate areas. 
Most of the pollution fog happened in winter. Weather Winter heavy fog events happening over the study 
region are associated with the existence of a transformed cold-high weather pattern or inverted trough and 
weak wind shear, in which are often steady stratification, weak winds, strong inversion with its great 
depth, and as there is plenty of vapor in the near-surface layer, fog results. 
3.2 Pollutants data 
Figure 4 shows monthly averaged concentration of gaseous pollutants and aerosol fog days and all 
days in Nanjing during 2007. Significant differences among months were oberved in concentrations of 
SO2, NOX, NO, NO2, O3, CO, PM2.5 and PM10 in different between the days. In fog days, the values of 
SO2, NOX, NO, NO2, O3, CO, PM2.5 and PM10 are higher 21.0%, 90.5%, 256.0%, 38.9%, 67.3%, 84.0%, 
67.3% and 74.7% of high all days, respectively. On foggy days atmospheric pollution is rather serious, 
and the high values of pollutants occur when fog forms. As it disperses, the content will reduce. However, 
the concentrations will be maintained for a certain period if the weather system does not change after fog. 
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Fig. 4 Monthly means of pollutants measured by the automatic monitoring stations in Nanjing 
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4. Conclusions 
As urbanization/ industrialization, the occurrences of fog had increased in the levels of air pollution in 
Nanjing during 1980s. Thus, a case study for city was performed with the field data involving 
meteorological parameters, aerosols and other air pollutants and the intensity of fog. When fog occurs in 
Nanjing, the weather system and meteorological condition are not favorable for the air pollutants to 
disperse, thus causing serious air pollution in the foggy day. Fog’s Daily averaged concentration of  other 
pollutants (such as SO2, NOX, NO, NO2, O3, CO, PM2.5 and PM10) are higher 21.0%, 90.5%, 256.0%, 
38.9%, 67.3%, 84.0%, 67.3% and 74.7% of high all days, respectively
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